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ABSTRACT 
Flinders University and Queensland University of Technology, biofuels research 
interests cover a broad range of activities. Both institutions are seeking to overcome the 
twin evils of "peak oil" (Hubbert 1949 & 1956) and "global warming" (IPPC 2007, 
Stern 2006, Alison 2010), through development of Generation 1, 2 and 3 (Gen-1, 2 & 3) 
biofuels (Clarke 2008, Clarke 2010).  This includes development of parallel Chemical 
Biorefinery, value-added, co-product chemical technologies, which can underpin the 
commercial viability of the biofuel industry.  Whilst there is a focused effort to develop 
Gen-2 & 3 biofuels, thus avoiding the socially unacceptable use of food based Gen-1 
biofuels, it must also be recognized that as yet, no country in the world has produced 
sustainable Gen-2 & 3 biofuel on a commercial basis.  For example, in 2008 the United 
States used 38 billion litres (3.5% of total fuel use) of Gen-1 biofuel;  in 2009/2010 this 
will be 47.5 billion litres (4.5% of fuel use) and in 2018 this has been estimated to rise 
to 96 billion litres (9% of total US fuel use).  Brazil in 2008 produced 24.5 billion litres 
of ethanol, representing 37.3% of the world’s ethanol use for fuel and Europe, in 2008, 
produced 11.7 billion litres of biofuel (primarily as biodiesel).  Compare this to 
Australia’s miserly biofuel production in 2008/2009 of 180 million litres of ethanol and 
75 million litres of biodiesel, which is 0.4% of our fuel consumption! (Clarke, Graiver 
and Habibie  2010) 
To assist in the development of better biofuels technologies in the Asian developing 
regions the Australian Government recently awarded the Materials & BioEnergy Group 
from Flinders University, in partnership with the Queensland University of Technology, 
an Australian Leadership Award (ALA) Biofuel Fellowship program to train scientists 
from Indonesia and India about all facets of advanced biofuel technology. 
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INTRODUCTION 
Flinders University’s - Materials & BioEnergy Group obtained an Australian 
Leadership Award (ALA) Fellowship grant, delivered from February to March, 2010.  
The program was designed to provide advanced biofuels knowledge for a select group 
of senior Indian and Indonesian scientists.  As part of this program a number of 
activities, tasks and outcomes were achieved, these being: 
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1. A presentation at the Innovative Research parallel session of the South 
Australian Clever Green conference, held in Adelaide, February 2010 (Clarke 
2010) 
2. Routledge Handbook of Climate Change and Society (30th of May, 2010), with 
Biofuels chapter 18 (Clarke, Graiver and Habibie  2010) 
3. A presentation about the ALA Biofuel Fellowship program provided to a 
quarterly meeting of Bioenergy Australia members in March 2010. 
4. Submission of the final report for the first Premiers Science Research Fund 
(PSRF) grant in biofuels awarded by the South Australian Department of 
Further Education, Employment, Science and Technology  
5. Australian Provisional Patent 2008902610 'Biodiesel additive' filed 26-5-2008, 
superseded by International PCT world patent WO/2009/143566 -  filed 3-12-
2009 (Westlake, Clarke et al. 2008 & 2009) 
ALA Biofuels Fellowship program 
The ALA Fellowship biofuels research training program was conducted during 
February and March 2010 for selected senior research scientists from Indonesia 
(Academy for the Assessment of Technology - BPPT) and from India (Indian Institute 
of Chemical Technology - IICT-CSIR and Andhra University). This international 
research training program was run in intensive mode, over a two moth period, and in 
collaboration with training partner, Queensland University of Technology (QUT).  This 
proved to be an exciting and educational experience in international biofuels research. 
This program fostered collaboration and networking between Australian and 
international researchers, research teams, research centres of excellence and industry. 
ALA Fellows were drawn from Indonesia’s Academy for the Assessment of 
Technology and the Indian Institute of Chemical Technology (India’s equal to CSIRO) 
and the prestigious Andhra University in India, with some 80,000 students. 
Queensland University of Technology (QUT) also played an essential partnering role in 
the design and delivery of this program with its expertise and emissions of biodiesel. 
The Management Team  
A management team was established to run this program, these being: 
 Dr Rini Budyanti – Program Manager 
 Dr Neil Trout – Scientific Program Coordinator 
 Mr Tony Aitchison – Masterclass Coordinator 
 Associate Professor Richard Brown (QUT) – Queensland coordinator 
 Ms Julie Gardner – Financial advice 
ALA Fellowship – Achievements 
One of the most satisfying outcomes of this ALA Fellowship biofuels training program 
was to see South Australian biofuel organisations, collaborating to support this 
initiative.  Previously, those involved in biofuels in the State, tended to operate in 
isolation, lacking a collegiate focus.  Pleasingly across the nation there was also some 
fantastic contribution from industry, academia and government research organisations. 
The ALA Biofuels Fellowship program included the following support in Australia: 
S. Clarke et al. 
 
 
Chemeca 2010 Conference, Hilton Hotel, Adelaide, South Australia, Australia, 
26–29 September 2010 
3 
 
 Invitation from the South Australian Government for ALA Fellows to attend the 
SA Clever Green Conference, including an overview of Flinders University 
biofuel research activities requested by the conference organisers (Clarke 2010) 
 A successful three-day “Masterclass in Biodiesel” provided at Flinders 
University with attendees from industry, government and academia coming from 
around Australia and overseas 
 Numerous site visits to discuss and inspect biofuels research and development 
facilities at the University of Adelaide, University of South Australia, SARDI’s 
West Beach NCRIS Biofuels facility, the Lincoln Marine Science Centre (Port 
Lincoln), the Agricultural Research Centre (Minnipa), and an invitation to visit 
the Adelaide Zoo for a lecture about palm oil and deforestation 
 Invitation to present information about the ALA Biofuel Fellowship program 
to quarterly meeting of Bioenergy Australia members in March 2010. 
 Invitation for the Fellows to meet Federal Government Department of 
Resources, Energy and Tourism in Canberra 
 ALA lecture provided by Dr Bill Lyons, R&D Director for Boeing about 
Australian aviation biofuel directions 
 Interviews with ALA Fellows for the Domingo Spectacular, a popular Brazilian 
Sunday TV current affairs program (8 million viewers) 
 Biofuels meeting with Ms Liz Penfold MP in Port Lincoln 
 Training was carried out in Adelaide, Port Lincoln, Minnipa, Brisbane, 
Townsville, Rockhampton and Canberra 
 Nineteen staff members from Flinders University provided academic training in 
advanced biofuels.  In addition other Australian universities, such as - 
University of South Australia, Adelaide University, Queensland University of 
Technology, University of Queensland, Central Queensland University and 
James Cook University also provided advanced biofuels training. 
 Guest external lectures were also provided by the NCRIS Biofuels facility; 
Adelaide Zoo; Amdel; Lincoln Marine Science Centre; SARDI Microalgae 
group; Minnipa Agricultural Research Centre; SQC; AR Fuels; Spruson & 
Ferguson; Bioenergy Australia; Agency for the Assessment of Technology 
(BPPT); EcoTech Biodiesel; Freedom Fuels; Boeing, Fishace Ecological 
Engineering; Biofuels Association of Australia; Federal Department of 
Resources, Energy and Tourism; Learning Potential International; DSTO (Fuels 
and Lubricants); Caltex; Ecco Consulting; Flinders Partners; Department of 
Premier and Cabinet; Department of Transport, Energy and Infrastructure. 
Flinders University and the Queensland University of Technology worked together in 
2009 to draw together separate networks for the purpose of building a high level, 
international collaboration in biofuels research to establish this ALA Biofuels 
Fellowship Program.  The strength of the Flinders/QUT partnership was clearly evident 
when the ALA Fellows were invited to participate in a biofuels workshop and meetings 
with some fifty senior representatives from industry, government and academia who 
came from Victoria, ACT, NSW, South Australia and Queensland.  The Queensland trip 
also included site visits to two Queensland biofuel production facilities and four 
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Queensland universities. 
Both the South Australian “Master Class in Biodiesel” and the QUT “Biofuels” 
workshop event allowed the international ALA Fellows to network and showcase their 
various capabilities to a spectrum of Australian leaders with a keen interest in biofuels.  
The ALA Fellowship Biofuels program – a model for collaboration 
Indonesia and India have already mandated the use of biofuels. Indonesia, with its 
burgeoning population and limited landmass, wishes to secure alternative, green fuel 
source. India, also with a burgeoning population and economy, has vast food and energy 
needs; it is seeking to reduce its reliance on arable land for the production of biofuels. 
Australian research into advanced biofuels, such as tallow-based biodiesel and 
microalgae research being undertaken at Flinders University, has much to offer our 
regional Asian neighbours (Habibie & Clarke 2010). 
The ALA Biofuels Fellowship Program provided an excellent forum for the two-way 
transfer of knowledge and skills, and provided a rare opportunity to hear of the 
economic, social and environmental conditions India and Indonesia that new biofuel 
collaborative developments could seek to address 
Formal lectures, master classes and conference presentations combined with lab-based 
activities and site visits provided many opportunities for discussion during social and 
recreational events with representatives from industry, academia and government at 
local and national levels. Through this process, new relationships were formed and 
existing ties strengthened – raising standards of cooperation and collaboration between 
our countries but also between Australian researchers and leading industry figures, 
resulting in the following major initiatives: 
 A Memorandum of Understanding, signed by Flinders Deputy Vice-Chancellor 
(Research) with Indonesia’s BPPT, to undertake ongoing research. 
 The development of Memorandum of Understanding with IICT-CSIR for clean 
technology and energy research. 
 Agreement with numerous corporations around Australia to undertake 
collaborative research with Flinders University and with the Queensland 
University of Technology in biofuels 
A Biofuels Research Overview 
Global Warming 
Global warming and peak oil fuel security are issues that collectively have driven 
industry and Governments alike, around the world, to seek alternatives to conventional 
liquid, petroleum (mineral/fossil) fuel (Alison et al. 2010).  Ideally second generation 
(Gen-2 - lignocellulosic biofuel), third generation (Gen-3 - microalgae biofuel) and 
fourth generation (Gen-4 – hydrogen fuel), technologies may provide long-term 
alternative solutions transport for transport fuels, that ultimately will be able to replace 
petroleum liquid fuels. (Thomas et al. 2008). However from the author’s perspective 
these technologies do not yet appear to be commercially viable 
Australian Oil Security 
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The current Australian crude oil situation is very complex.  Australia consumes around 
49.8 ML of crude oil based end-product, and of this some 36.9 ML of crude oil was 
used by Australian refineries to manufacture petroleum end-product for the consumer.  
Some 12.9 ML was fully finished petroleum end-products imported into Australia 
primarily as petrol (gasoline) from Singapore.  Australia also imports 72% of crude oil, 
primarily from Asia, for use in its refineries, estimated to be 26.6 ML for conversion to 
petroleum end-product.  This is despite exporting 56% of Australian crude oil (AIP 
Downstream report 2007) to overseas refineries.  In Australia there is a move toward 
the closure of inefficient Australian refineries (Port Stanvac Mobil refinery – SA for 
example) leading to greater importation of cheap overseas petroleum fuel and an 
associated loss in manufacturing jobs.  From these figures we can see that only 10.3 ML 
(21%) of Australian crude oil is effectively converted by Australian refineries to 
finished end-product.  This leads to a loss in fuel security and a loss of employment 
prospects for Australia, for which the development of a vibrant indigenous biofuel 
manufacturing industry could effectively offset. 
Biodiesel Technology 
Biodiesel is a substitute technology for fossil diesel that has the potential to offset 
growing mineral fuel prices. Environmental benefits will also flow from reducing 
greenhouse gas emissions and limiting dangerous pollutants. Economic benefits come 
from import substitution and regional feedstock production for biofuel production 
(Clarke 2008). Currently most biodiesel feedstock comes from first generation oil seed, 
tallow, palm oil and waste cooking oil (see Fig 1) (Clarke, Graiver & Habibie, 2010).  It 
could be said, if biodiesel was the major fuel used around the globe instead of crude oil 
then there would not be an ecological problem as has been seen in the Mexican Gulf.  
Biodiesel (non-toxic in itself) over time naturally degrades in the open environment to 
form harmless by-products, and does not hang around for hundreds of years like 
petroleum - harming the environment. 
Microalgae (Gen-3 feedstock) are single celled microscopic organisms, which, like 
plants, use photosynthesis to convert the sun’s energy into chemical energy.  
Microalgae can be grown in large vats (bioreactors) or in open ponds. Light, nutrients 
and carbon (in the form of CO2) are used and fixed initially to form carbohydrates, 
which are then converted inside the cell to form a variety of complex organic molecules 
including proteins, lipids and cell wall materials (cellulose and pectins (Clarke 2008).  
 
Figure 1  - Trans-esterification of triglycerides to biodiesel (FAME) 
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Gen-3 microalgae are much more efficient converters of solar energy than any known 
Gen-1 feedstock terrestrial plant.  The cells grow in aqueous suspension, having access 
to water, CO2 and dissolved nutrients.  Microalgae potentially are capable of producing 
in excess of 30 times the amount of oil (per year per unit area of land), Sheehan 
compared to first generation terrestrial oil seed crops.  Indeed Sheehan and Kheshgi 
(Sheehan 1998 & Kheshgi 2000) have both identified preliminary studies by the US 
Department of Energy that show even with conservative conversion rates, algae can 
produce up to 60% of their biomass in the form of oil with production rates exceeding 
25 tonnes/Ha/y (around 50 times the rates in typical oil seed crops (Chelf et al. 1994, 
Sheehan et al. 1998). Microalgae put all of their growth into producing a simple cell and 
can contain up to 60-70% of oil, but it seems in reality most common microalgae 
species may contain 50-60% algae oil, and the extracted oil for conversion to biodiesel 
rarely exceeds 20-30% dry weight. 
Wind-farms & Biofuels - The Carbon Sequestering Myth ? 
Wind-farms provide a zero-carbon alterative to conventional coal fired power stations.  
Wind-farms provide benefit, not by sequestering carbon per se, but rather by not 
producing any new atmospheric carbon.  This is unlike electricity from coal-fired power 
stations, which pump enormous quantities of new carbon into the atmosphere.  
Unfortunately some suggest that biofuel technologies can sequester carbon.  The most 
common fallacy being that microalgae biodiesel farms, when co-located with coal fired 
power stations, will sequester carbon dioxide from such power stations.  However 
biofuel technologies whether they be Gen-1 biodiesel or ethanol (agricultural crops), or 
Gen-2 lignocellulosic ethanol, or Gen-3 microalgae biodiesel are effectively carbon 
neutral.  Carbon dioxide is taken up from the atmosphere by plants in the growth life-
cycle (whether this be Gen-1, 2 or 3 feedstock).  This carbon dioxide is then released 
back into the atmosphere when liquid biofuel is burned.  Therefore just like wind-farms, 
biofuels provide a carbon neutral alternative for energy production. 
The Microalgae Option 
Currently the only commercially viable, alternative fuel available for use in the global 
economy, are the generation one (Gen-1) biofuels, produced from agricultural 
feedstock. However Gen-1 biofuel technology has supply limitations and is not 
expected to supply much more than 10% of the world’s total fuel requirements, due to 
limitations on land availability. 
S. Clarke et al. 
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Gen-1 feedstock, also 
use valuable land 
resources that could 
be used for food 
production – leading 
to the highly 
controversial “food-
versus-fuel”  debate. 
Gen-3 (microalgae) 
and Gen-2 
(lignocellulosic) 
biofuels      are     still  
 
 
   Table 1 – Comparison of Biodiesel (Chisti 2007)  
inefficient, economically, and that the one other potential Gen-2 feedstock crop, with 
jatropha curcas being available in only very limited supply.  See Table 1 for biodiesel 
comparison (Chisti 2007) of Gen-1 biofuel feedstock. 
  
Figure 2  Influence of wavelength of light on 
               microalgae growth Figure 3  Small scale Flinders “Red 
                Light” photobioreactor 
 
Research undertaken by the Materials & BioEnergy 
group at Flinders, has shown the enhanced benefit in the 
growth of microalgae using “red light” from LED light 
sources, compared to the traditional approach of using 
white fluorescent tubes.  Red light from an LED light 
source provided the best and fastest microalgae growing 
conditions.  See Figs 2 & 3. 
Work in the group is ongoing to develop low energy 
harvesting and extraction systems of algal oil from 
microalgae, which can then be converted to biodiesel.  
The harvesting and oil extraction of algal oil from 
microalgae has always been an expensive and 
problematic engineering “Achilles heel” issue that has 
hindered the commercial development of Gen-3 
microalgae biodiesel. (See Fig 4). (Gruszecki D, 2009). 
 
 
Figure 4   Small scale, 
laboratory growth of 
microalgae 
 Biodiesel Value Adding Technology 
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Although microalgae are highly efficient oil-producers, the cost of biomass produced is 
still far from economic as a biodiesel feedstock, with prices of algal oil quoted to be 
around $6 USD per litre (Darzins, Pienkos, Edye 2010).  This cost issue has to be 
overcome.  Some Australian researchers are claiming that it may be possible to produce 
algal oil for around $3-4 per litre, which if correct is very exciting.  If this lower price 
of algal oil is correct then this opens a real possibility of developing value-added co-
products to off-set the current, non-commercial high price of algal oil (Clarke, Graiver 
& Habibie, 2010).  Some have also promoted the concept of commercial extraction of 
nutraceuticals such as -carotene and -3-fatty acid oils from microalgae for biodiesel 
production - the so-called Biological Biorefinery option as being an option for value-
added biological products to offset the high cost algal oil. 
The Chemical Biorefinery Concept – A Sustainable Option 
Market swamping of glycerol, a previously high priced pharmaceutical chemical, has 
already occurred due to increasing volumes of Gen-1 biodiesel production.  Glycerol is 
now a waste by-product of Gen-1 biodiesel production.  In 2003 all biodiesel glycerol 
was converted to pharmaceutical grade glycerine, and consumed.  However production 
of Gen-1 biodiesel grew to such an extent that by 2007 excess glycerol, on a global 
basis, was 250 kilotonnes, much of this being burned or composted as a valueless waste 
by-product (Katryniok et al, 2009).  
However under utilised glycerol from biodiesel production, can be recovered, purified 
and then converted to many valuable biochemical products, such as paints, plastics, 
pharmaceuticals, and so on; however this has not been given serious attention by the 
biodiesel industry.  This is just a small component of the Chemical Biorefinery 
concept.    
S. Clarke et al. 
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Fig 5 – Biorefinery Chemical from Glycerol  (Zheng et al. 2008,  Zhou C-H et al 2008) 
Value-add, co-products from a parallel Chemical Biorefinery biofuel industry is virtually 
an untapped and limitless economic resource.  Just one industry sector, for example – 
acrylic acids and acrylic acid esters have a current international market-share of $19.2 
billion AUS ($10 billion for acrylic acid and $9.2 billion for acrylic acid esters).  This 
does not include the only existing propylene glycol Chemical Biorefinery industry, which 
equals $ 1.5 billion AUS per year (Bader et al 2005, Graiver et al. 2004 & 2006, Narayan 
et al. 2006, 2006, 2006 & 2008, Tran et al. 2005, 2005 & 2006) 
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